Microbial safety of recreational water is one of the major human public health issues in developing countries. Three water bodies, the Tbilisi Sea, Kumisi and Lisi lakes, in the South Caucasus region near Tbilisi, Georgia, were monitored in 2006-2009 to determine microbiological quality using standard methods. Microbial pollution indicators were determined in parallel with phytoplankton abundance and measurement of a number of physical-chemical parameters. Kumisi Lake, a brackish water body in an active agricultural area, appeared to be the most polluted, whereas the Tbilisi Sea, a freshwater reservoir was the least polluted. High values for fecal indicators in all three lakes in summer and early autumn were revealed. In our study, total enterococci counts (TEC) appeared to be a better indicator than either fecal or total coliform counts for the evaluation of fresh and brackish microbial water quality. We found significant correlation between total Vibrio counts and TEC for all three water bodies. Prevalence of somatic coliphages and V. cholerae-specific phages as additional water pollution indicator significantly correlated with abundance of the host bacteria. Particular phytoplankton groups in the lakes responded to the changes of fecal indicators; however, no correlation was observed between dominant zooplankton taxonomic groups and microbial parameters.
INTRODUCTION
Microbial contamination of aquatic ecosystems is a major public health concern in both developing and developed countries. Pathogen composition in a particular location may vary depending on the type, nature (e.g., lake, estuary), and microbial profile of effluents from surrounding areas. In waters used for recreation, organisms of concern include Salmonella spp., Shigella spp., Vibrio spp., Escherichia coli, Clostridium spp., and various human enteric viruses and protozoa (Golubovskaya ; Fleisher et al. ; Wade et al. ; Fong & Lipp ) . In general, the most significant threats are autochthonous microorganisms that may be triggered to multiply when conditions are favorable.
In addition, reservoirs often are contaminated through external loading, e.g., runoff from agricultural and/or urban catchments via rain waters or direct discharge of effluents from farms. Enteric coliform bacteria (e.g., total coliforms or fecal coliforms), as well as E. coli and enterococci are the most widely used indicators of water microbial pollution (US EPA ; APHA ; WHO 16.1 km 2 and an average depth of 2.5 m. The Tbilisi Sea, a man-made reservoir created in the 1950s from the waters of the Yori River, is located northeast of Tbilisi at an altitude of 580 m with a total surface of approximately 11.6 km 2 and a maximum depth of 45 m. The reservoir has one inflow and two outflow irrigation channels. The Tbilisi Sea is characterized by weak winter and well-expressed summer direct stratification. All three bodies of water are intensively used for recreation and fishing, as well as for irrigation. In addition, the Tbilisi Sea is a source of drinking water for a number of districts of Tbilisi.
MATERIALS AND METHODS

Sampling sites
Each lake was sampled at two sites: Kumisi Lake site 
Sample collection and processing
The lakes were sampled on a regular basis from June 2006 to November 2008 and an additional three sampling rounds were conducted in the summer of 2009 (July-September).
More frequent sampling (twice monthly) was performed during the summer months due to elevated water temperature and increased anthropogenic load that might lead to water quality deterioration. Sampling occurred between 11:00 AM and 3:00 PM, and measurements of hydrochemical parameters, such as temperature, salinity, pH, dissolved oxygen (DO), and total dissolved solids (TDS) were completed on-site using a portable multilog meter (YSI 556 MPS, Yellow Springs Instruments, Colorado, USA). One hundred to one hundred and twenty liters of water were filtered on-site through 200 and 64 μm plankton nets and concentrated plankton samples were fixed with 37% formalin. Plankton-free water (PFW) samples were processed to determine microbiological load within 4 h of collection, as described by Huq et al. () .
A number of microbial parameters of water quality were determined such as total culturable bacteria (TCB), total heterotrophic bacteria (THB), chlorophyll a, total phyto-and zooplankton, total and fecal coliforms, total enterococci, total vibrios (as model organisms for autochtonous bacteria), somatic coliphages, and V. cholerae-specific phages, along with the physical-chemical parameters, temperature, salinity, pH, DO, and TDS. Approximately 100 L of water samples were collected from two sites at each lake. Since no significant differences were observed between the two sampling sites in terms of microbial and physical-chemical parameters studied, we present data for only a single site throughout this paper. In our studies, measurement of some parameters (TDS, DO, total enterococci) was begun several months later due to technical reasons.
Determination of chlorophyll a concentration
Water samples were filtered through 0.45 μm pore-size glass fiber filters (GF/F, Whatman, UK). The filters were frozen until extraction with acetone. Extracted optical density (OD) was measured spectrophotometrically using a Heλios β spectrophotometer (Thermo Spectronic, Madison, WI, USA) at optical densities of 663, 645, and 630 nm and the pigment concentration was calculated as described by Holm-Hansen & Riemann ().
Determination of microbial parameters
Total culturable bacterial counts (TCBC) in water samples were estimated by serial dilution and plating on trypticase Figure 1 | Map of catchment areas for Tbilisi Sea, Lisi Lake and Kumisi Lake in the vicinity of Tbilisi, Georgia. The map presents only natural small tributaries of the studied water reservoirs.
Artificial feeding sources (e.g., Iori channel for Tbilisi Sea and Algeti channel for Kumisi Lake) are not indicated since they partly flow underground. Correspondingly, watersheds of these channels are not included. 
Enumeration of total phyto-and zooplankton
Formalin-fixed planktonic organisms were examined using high-resolution microscopes (Leica DMLS and Stereomicroscope M55 (Wetzlar, Germany), and the Kruss biological inverse microscope MBL 3100 (Hamburg, Germany)).
Isolation of E. coli-and Vibrio-specific phages Public Health, Georgia). Phage densities were determined first by spot tests followed by enumeration of negative plaques using the agar overlay technique as described by Adams () and Gabrilovich ().
Data analysis
All water tests were carried out in triplicate for each sample and the numbers were averaged to create a single value for each variable on a given sampling date. Mean value and standard error were calculated as well. For the purpose of analysis, seasons were conditionally defined based on water temperature as follows: (winter: December-March;
spring: April-May; summer: June-September; autumn:
October-November).
Statistical analyses were carried out using the Statistical 
RESULTS
Physical-chemical parameters
Water temperature showed seasonal variations in the studied lakes. The average summer temperature was highest in Kumisi Lake (25.3 W C) followed by Lisi Lake with (24.9 W C) and the Tbilisi Sea (23.3 W C), while the average winter temperature was highest in the Tbilisi Sea (7.5 W C), followed by Kumisi Lake (6.0 W C) and Lisi Lake (5. expected, were somewhat dependent on salinity. Consequently, the highest TDS levels were measured for Kumisi Lake (ranging between 3.55 and 5.77 g/L), followed by Lisi Lake (1.68-2.4 g/L) and the Tbilisi Sea (TDS
The pH values of the lakes were also quite constant and ranged from 6 to 8.7, which is within the range of the typical pH for natural waters (http://www.epa.gov/ caddis/ssr_ph_int.html).
Chlorophyll a content
In our study, chlorophyll a concentrations in the lakes did not demonstrate seasonal variations and were not dependent on any physical-chemical (Table 1) 
Fecal pollution indicators
In general, all three lakes had clear seasonal dynamics for the majority of the aquatic microbial parameters and fecal pollution indicators. One-way ANOVA showed significant seasonal variations (p < 0.05) in numbers of TCC, FCC, and TEC with highest values in summer, followed by a continuous decrease to the lowest levels in winter months (Figures 2(a)-2(c)). TEC appeared to be the most informative among fecal indicators; 100% of water samples from the Lisi Lake and 91% of the Kumisi Lake in summer months were above threshold levels for total enterococci (Table 2) Kumisi Lake
The values with p < 0.05 are presented.
highest TC numbers were measured in the Tbilisi Sea with 45% of total samples exceeding threshold levels and reaching its highest level in July 2009 at 16,000 cfu/100 mL (Figure 2 (a)). The highest FCC numbers were also measured in the Tbilisi Sea (October 2006 -3,000 cfu/100 mL; July 2009 -2,900 cfu/100 mL) (Figure 2(b) ), although the percentage of water samples exceeding threshold levels for index bacteria appeared to be lower in this water body in comparison with Kumisi Lake (Table 2 ). The highest enterococci counts were detected in Kumisi Lake with 63% of total samples above threshold level (Table 2 ) reaching 9,000 cfu/100 mL in September 2007 and 6,000 cfu/100 mL in September suggesting that this parameter could substantially contribute to the fecal coliform, total enterococci numbers in the studied water systems (Table 1) .
Autochthonous microflora: total vibrios
Total vibrios, including V. cholerae, can be considered model organisms for abundance of autochthonous flora, and as well, abundance of vibrios has also been discussed in relation to water organic enrichment (La Rosa et al. ). In our studies, total vibrios were found to be temperature dependent, showing seasonal shifts and significant quantitative fluctuations in the lakes from several thousand culturable cells per milliliter in the summer months to undetectable levels in the winter months ( Figure 3 ). As shown by multiple regression analysis, from studied physical-chemical parameters, TVC was dependent only on temperature (Table 1) . A correlation between dynamic changes of TVC and enterococci was observed (r ¼ 0.78 Lisi Lake, r ¼ 0.38 Tbilisi Sea, and r ¼ 0.5 Kumisi Kumisi Lake appeared to contain the most abundant phytoplankton populations among the three lakes 
Bacteriophages
The content/abundance of E. coli-and V. cholerae-specific phages in all three water bodies in different seasons were evaluated through enumeration of water samples positive for these phages (Figures 5(a) and 5(b) ). E. coli-specific somatic indicator phages and V. cholerae specific phages showed seasonality with peaks measured during summer months and mostly proportional to host bacterial numbers.
In all three lakes, positive correlation between coliphages and FCC (r ¼ 0.34 for Lisi Lake, r ¼ 0.36 for Kumisi Lake, and r ¼ 0.36 for Tbilisi Sea) was determined as well as between V. cholerae phages and TVC (r ¼ 0.47 for Lisi Lake, r ¼ 0.57 for Kumisi Lake, and r ¼ 0.36 for Tbilisi Sea). Coliphages were also detected in a few samples Similar to fecal indicators, higher TVC values were seen in Kumisi Lake, although in some cases, levels in Lisi Lake occasionally exceeded those seen in Kumisi Lake. The lowest TVC values were observed in the Tbilisi Sea. These differences may be due to different pollution levels in the lakes as well as differences in water temperature (see above) and salinity. Since Kumisi and Lisi lakes are both brackish water lakes, vibrios are supposed to grow well (Pruzzo et al. ) . In fact, in our previous report, we demonstrated the endemicity of toxigenic V. cholerae in these lakes (Grim et al. ) . This indicates the necessity to carry out surveillance, not only for fecal indicators of pollution, but for pathogenic vibrios, including toxigenic V. cholerae, as a preventive measure for the potential outbreak of cholera.
The detection of certain bacteriophages can also be used as a measure of bacterial pollution. In our study, we found both E. coli-and V. cholerae-specific phages in all three lakes, with the highest abundance found in Kumisi Lake.
These results likely reflect overall water quality of these lakes as they correlate well with total enteroccci counts and other indicators of pollution (i.e., total and FCCs). Detection of E. coli-and V. cholerae-specific phages was proportional to recovery of host bacteria from water samples with the exception of some winter months.
